The distribution system has the most portion power loss compared to the transmission and generation systems. One of the effective methods to reduce the power loss in the system is by reconfiguring the existing network. In distribution system, there are two types of switches, which are sectionalizing switches and tie-switches. Reconfiguration process changes the status of those switches until the objective is achieved. In this study, the reconfiguration method is proposed for distribution system using the Cuckoo Search Algorithm (CSA) method. The system used is a standard IEEE 33-bus radial distribution system. The main objective is to reduce the power loss in the system while satisfying the distribution constraints. The proposed method is used to give an optimal configuration of distribution network for power loss reduction and its validity is done by comparing it with Particle Swarm Optimization (PSO).
I. INTRODUCTION
Electrical power system consists of three networks; generation, transmission, and distribution [1] . The electrical power system is a network that delivers electricity from power stations to end users by means of transporting the power in bulk over transmission lines without overheating and risking the system's stability [2] . Transmission lines can be classified into three broad categories; transmission system, subtransmission system and distribution network [3] . After going through transmission system, the power is then subdivided into smaller units and transferred into the sub-transmission system [1] . The distribution network provides a final connection between the high voltage transmission network and the consumers. Through this network, consumers will finally receive their electricity power supply. However, in real life applications, there will be power loss occurred within the transmission and distributed networks, which is defined as power distribution loss [16] . Overall, distribution system causes a very high loss that can reach up to 70% of the total losses of the network, therefore making it the highest portion of power loss compared to transmission and generation networks [5] .
So, the consumers did not receive the same amount of power unit at the end line compared to the amount generated near the power station. Both transmission loss and distribution loss can be either technical and non-technical losses.
Technical losses can be due to the components and equipment used in the network such as the conductors, the length of the transmission and distribution lines, and the transformers [16] . There are methods available to reduce these technical power losses such as load management to improve load factor of connected power system, installing shunt capacitors, and network reconfiguration.
In this study, network reconfiguration approach will be used to minimize power loss by implementing CSA for power analysis, and the result will then compared to PSO.
II. METHODOLOGY

A. Network Reconfiguration
There are two methods of system reconfiguration. First, restructuring power lines that connect various buses in a power system. The restructuring of specific lines will change the system configuration. This can be achieved by placing the line interconnection switches into the network. The second method is by opening and closing a switch, that will connect or disconnect lines from the existing network [8] . Thus, reconfiguration process changes the status of those switches until the objective is achieved without using any additional hardware [2] .
B. IEEE 33-Bus System
The study in [2] proposed the use of the standard IEEE 33-bus radial distribution as shown in Fig. 1 . This test system has 32 normally closed sectionalizing lines and 5 normally opened tie lines, shown as dotted line in Figure 3 .1. Those 5 dotted lines are located on the branch number 33 until 37. The system load is Sbase = 50MVA and the base voltage, Vbase = 33kV. The overall load on the system is 3.715 MW and 2.3 MVAR. In this system, the feeder will be reconfigured by sectionalizing and tie switches that are already present.
C. Cuckoo Search Algorithm (CSA)
CSA is based on the parasitic nature of Cuckoo birds during breeding process [10] . Cuckoo birds will take advantage of host birds and lay their eggs on the host birds' nest and let the host bird hatch the eggs. When the host birds realize there are foreign eggs in the nest, they will either abandon the foreign eggs or leave the nest entirely and build a new nest somewhere else [16] . 
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In CSA, each bird in a nest will represent a solution, while each cuckoo egg represents a new solution. When the new solution is better than the current solution, the new solution is chosen and the current solution will be discarded. CSA is simplified into three ideal rules, which are:
x Rule 1: One cuckoo bird only produces one egg at a time, and one nest will be randomly selected
x Rule 2: The best nest and high quality eggs will be retained for next generation.
x Rule 3: The total number of available nest is fixed, and the probability of host birds discovering foreign eggs is pa [0, 1].
Furthermore, Levy flight has been commonly integrated in CSA to enhance the searching capability of the algorithm. It can be expressed as follows:
where α > 0 is the step size that usually stays within the range of the problem's search space.
The Lévy flight provides a random walk which is derived from the Lévy distribution, as follows:
By using Lévy flight, random solution is not purely chosen randomly, but it will be a biased random search with some random step sizes. This is because if the new solution is very similar to the previous solution, the new solution won't be recognised thus it is necessary that the fitness relates to the difference in solutions [17] . Here are the descriptions of the CSA implementation. First, set up the CSA parameters to population size n = 20, rate constant to discover alien eggs pa = 0.25, and max iteration to 30. Then, randomise initial solution with the value of the switch zone of 5 dimensions. We will then evaluate our first fitness solution so that when we generate the next solution, we can use the current best nest(solution) to set the step size of the Levy flight to be closed to the next optimal solution.
The main loop will iterate until it reached the satisfied criterion which is the maximum number of iteration, 30. A nest is chosen randomly using the rate constant, pa to abandon the worst nest (solution). Then, we calculate the fitness of the newly generated solution and if the fitness is better than the previous solution's , we will keep if for the next iteration until satisfied criterion is achieved. Finally, we rank the current achieved fitness and we proceed with the next iteration.
III. RESULTS AND ANALYSIS
The Since there is no timing constraint for the test case, the main concern with our result is the minimum voltage, power loss percentage and the power loss reduction that can be achieved by running both programs to find the optimal reconfiguration switches. The power loss, execution time margin between both of these algorithms are pretty close under a small iteration <= 30. The PSO however, have a much better and faster convergence performance than CSA.
A. Optimal Power Loss Reduction
After running the simulation for the said number of iterations, we can observe from the switch reconfiguration as shown in TABLE Ⅰ for both CSA and PSO is that they are nearly converge to follow suit the same path for the optimal power loss reduction, because the working principle for both of algorithms are not the same. PSO relies on Gbest to guide the swarm particle to their objective and considered it to be the best configuration globally for all swarm particles whereas for CSA, it relies heavily on the random initially generated solutions that has undergoing the first fitness evaluation test as their best reach for the optimal solution. For every iterations of CSA, there will be a chance that a nest will be emptied and replaced with a completely new solution that will be going through the fitness test and it might even be the new best solution with the next generated solutions to follow, this means that CSA would likely to take spend much more on its execution time that its PSO counterpart. leaning towards a stable reading compared to its CSA counterpart that had to take a huge dip later on until it could zero-in to its final convergence value. To put it simply, the average value for PSO is much higher and accurate than that of CSA. Fig. 5 . shows the voltage profile for finding the optimal switch reconfiguration for both CSA and PSO accordingly. Although the pattern looks the same, there are significant differences, as will be discussed further on.
C. Convegence Performance Between PSO and CSA
Since the only available and calculable data from the result of the power flow simulation only extend until the 37th bus, we can only observe the said convergence performance data up until that point. While CSA might be able to get a constant linear reading from the 2nd bus, PSO's reading is much more leaning towards a stable reading compared to its CSA counterpart that had to take a huge dip later on until it could zero-in to its final convergence value. To put it simply, the average value for PSO is much higher and accurate than that of CSA. 
D. CSA and PSO Impact on Voltage Profile
The result we have so far is an evidence that the reconfiguration that is given out by CSA & PSO not only is for the best minimum power loss reduction, but it's also to an extend of improving the voltage profile for the 33-bus radial network. Fig. 7 . shows the 33-bus voltage profile for finding the optimal reconfiguration, with the minimum goes as low as 0.93832 p.u. and 0.94234 p.u. for both CSA and PSO respectively. There are few buses (or nodes) that both of these algorithms share throughout the test cases, most prominently is at the 8th bus until the 21st bus before both of them deviates from each other in accordance to the difference as to how each of the algorithms produce new generation and evaluate their fitness.
While PSO is much more accurate and faster in getting the results compared to CSA, the MATLAB implementation of the said algorithm is much easier to put into practice and get the solution and much more robust. The reason why PSO is chosen to compare its simulation results with the CSA is to show the pros and cons to each of them and if execution time is not of a concern, it is highly recommended to run the simulation of a large network using the CSA as it's much easier to implement for its robustness.
The marginal difference of results between both of them are pretty minute, though it could show stark differences once it handles a large data with a huge number of iteration to produce the best possible solutions for the said complex network. Execution time could double for CSA in that situation as the algorithm needs to run the simulation of the power flow 3 times for it to evaluate and obtain a new minimum fitness, this also affects the execution time for the convergence.
IV. CONCLUSION The purpose of this project is to solve our problem which is to find a solution to provide enough power for consumer consumption. There are already many studies and proposed method to overcome the problem since the last decade especially with the rise of the economic growth of the country, Malaysia is expected to have a fully-operating power source available with a minimal power loss to reduce the cost of expenditure.
We've also achieved three of our objectives which is to find the minimum distribution loss using CSA and comparing it with the previous works of said algorithm and an extra selected method which is Particle Swarm Optimization. CSA method has been implemented, used and observed its results in this experiment with the target to find the optimal network reconfiguration with the best minimal power loss. The IEEE 33-bus radial distribution network were used in this project which included the nifty MATPOWER tools to generate the simulation and finding the convergence point for each method listed.
While it is not within the scope of this study, we've also observed how the voltage profile can be improved that comes when the network distribution is achieving its peak efficiency for the minimal power loss. While the CSA results may not surpass its PSO counterpart in regards of accuracy and execution time, it is however proven to be capable to generate a best solution for the same amount of iteration in the program, as it can also give a consistent convergence performance in the program for several times. Moreover, CSA implementation is much brief and easier to understand with having lesser variables and equations in making sure that each nest trying to give the best solution. With this, we can conclude that, CSA method is a fully capable method that can solve the network distribution problems.
